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: "f?fThlsffepdit was prepared by Bolt Bérének'and &éwéanFInc.;ix“
. Cambridge, Massachusetts for the Aero-Acousties Branch, Vehicle -

- Dynamics Division, Air Force Flight Dynamics Leboratory, Wrizhte
- Patterson Air Force Base, Ohio, under Contract P33615-69-C~-1384.
- The research described herein was conducted. under Project 4437, " -
- .7 "High Intensity Sound Environment Simulation for Air Force Sys- '
- tems Testing"; Task 443701, "Sonic Facility Development for Alr
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- namies Division was the Project Engincor.
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" ABSTRACT

The use of reflectors to control the distribution of the -

Sound Pressure Level (SPL) in sonic test chambers is investigated.
‘The goal is to obtain more realistic SPL distributions on the test

object. It is concluded that the use of reflectors will not in-

crease the SPL on a test object unless the reflector and test ob-
‘Ject are in the near field of the sound generators. The results

of the study are applied to the Air Force Flight Dynamics Labora- =

‘tory's—(AFFDL) Sonic Fatigue Facility at Wright-Patterson Air
. Force Base. .Design charts are presented that relate predicted o
SPL distributions to reflector size and positioning. i :
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) ¢'~:1Many stuﬁias of the effects of an 1ntense sonie environment
-.on atreraft structures and components are being conducted in
. .sonic fatigue facllitles. These studies are often hindered by = -
=7 limitations in simulating actual sonic environments. This report ,
. considers the potential uses of accustic reflectors in shaping a -
“sound field in scoustic test chazders in order to simulate better
'T;the actaal aonic environment eneoLn*e*ed by operational aircraft._

o .,ASonic fatigue facilitias bavo sound sc.rces capable or gﬂn-'”

:&ierazinﬂ controlled sound oubtput et preszcure levels equal to those

- oocencountered in getusl environzsnts., The principal problem that -
- -“remains in-simulating the scnle envirenzzat is to obtain the cor-

Treet distridution of scund pressure level (SPL) on the test ob-
Jects -For exzmple, .SPL's cn tha boticn surface of an aireraft
1horizonual'stabilizar 2y be 10 €3 kigher than the levels on the

" ‘tep surface. A realistic test requircs ascoustic field shaping to

- -obtain this distribution of SPL. fThe second basic problem that
L remaing in simulating the actuzl sonie environment i1s to obtain
g“‘ " .the correct directional prop erties ¢f the sound field.  The &i-
.. rectionality-of the field datermincs the spatizl eorrelation pat-
4 - tern on the surface of the test objeeu, gnd thereby its response.

-At the present time, measurexents of the spatial correlation pat- "

.- tern in an_sctuzl environmeont are not gsncr&lly aveilable. S

.- -Therefore, field shzping to obtain tha correet directicnality of -
Kg--;ithe acoustic tXeld can only be a‘cc&pl*shud in a qualitative way._g

o5 n‘wtield shﬁping is p«esently acecrsiiah&d by prosramming the
I nuﬁbur and coxdination of noise generators used, by positioning
5 - - moblle noise ganerators, by selc»U$va vse of anschole treatment,
‘and by Judieicus losation of the test ctgact.' Eowever, the =
-amount of £ieid eshiping that can bo obtainsd using these aﬁthoﬁs‘
18 not always sufficient to simulaote setunl environments.  Kore
 ifield shinping could be obtainzgd ha uze of & larzer number of
sound ‘gources.  But this gpprosch would be expensive and would
. require enlargement of the control sysben co_glaa to the extent
b :that sutficient space surrounding hﬁ structure would not be ‘
s avanable.. ol ; _ _

_ The use of reflectors to sha«e ‘the acouatic tield seems
_promising.» A sirple § £t x 4§ £t gluminum panel serves as a sat-
 isfactory reflector of sound waves with froguencies above 100 Hz.
- .In using such a& reflector, it is noccezsary only to position it
o correctly relative to the sound sources and the test ocbject. No
- _“conzrgls, susply lines, dfive syst@us, or hezvy supports are
. needed. PR o
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L &n acoestie refgector eaa b 5 13 bwsfee11y thfee waye. , ;
Firbt, 1t can be used to reflsct seuu& waves cc wing fron the

" source ontsé the test object, ns shoun in Pag. 1. Sscong, it ean

be used to reflect sound waves away from the test object, thereby
shielding it from an intense sonic environment. The use of a re-
flector for this purpcse is shown in Fig. 2. A third way in which
an acoustic reflector can be used is to place it close to the test
object, -theredby forming a rescnant cavity. The sound pressure
levels in the cavity will exceed those in the surrounding acous-
tic field at the resonant frequencies of the cavity. The use of
a- reflector to fbrm a resonant cavity 1s shown 1n Fig. 3.

: TherE'are, of course, limitations in the use of acoustie re-
flectors to shape sound fields. It 1s easy to oversstinzte the

effectiveness of a reflector on the basis of familizy effects ob-
taired with opticzl reflectors. Accustic reflsciors, unliiks cpti-

- ecal reflectors, are comparzble to or only slightly larger than an

acoustic wavelength. chsequ~nt1y, much 1f not 21l of their use-

:ffw_rul effects will be associated with hi ghly cowplex wave phonomzna
"+ prather than the relatively simple geomeuric ef160u8 com*anly vulid

for optical systems.

. A reflector used to reflect sonnd waves onto a test object
can be flat or curved. With a curved reflector, some focusing of
‘the acoustic energy occurs.  However, the effect is not as strong
as commonly encountered in optics since the acoustic wavelength -
is comparable to the size of the reflector. The amount of focus-
ing that can be obtained with a curved rerlector 1s given by the‘
equation [11 L .. e _

?7"Pr max"; 2 A R (1)
LU e R IR
where IPr max' 1s the maximLm p eseere &mplftude of the reflected_
field,’ IP | 4s the pressure amplitude or an incident plane wave,

. 4 is the diameter of the rnflector, F 13 the foca l_length, and

Ay 13 the acoustic wavelength.

In this report we have limited our cons;eeration to the use
of flat, rectangular panels as acoustic reflectors. The use of a
flat reflector,to reflect sound waves onto a8 test objeet ina

 diffuse field will produce no significant effect. At any point

in a diffuse field, equal acoustic energy comes from all direc-

~ tions. Therefore, the reflector deflects as much energy away fronm

the test object as towards it. The use of &an acoustic reflector

s}lf as a mirror is limited to the direct :ield where the acoustic

S e o s
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f,séiutions of Eq. % or 8. Fowever, approxinate solutions for tuis:‘
-equation will éiffer from bcﬁh tu@ anyoxina?e solui onwcf Eq,<u

and that of Eq.

Exact solutions of Eqs. k 8 or 9 have been rouvd for only

- one case — a circular disk with a normally incident plane wave.

- Numerical techniques to obtain solutions for more general cases

- have been developed [8,20]. However, these techniques are.quite
- complex and do not neces*arily cnnverge to the proper solucion.
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h@re L 13 the minimum dimavsion or the p el. The conditions

- for these epproximaticns reguire thst the d*sthav from the

~ esource to th» panel end the recelver to the panzl be much large

- then both the panel size and an accustic wavelength. @ With tbﬂae
a,pﬂoaiua*iora the FRS ayp cximate solution frcm E ‘20 becomes

-
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where L and Ly are the disensions or the panel and :
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£(x,y) #{é(x gine Qccs%' f;gg;znsf_s;n¢¥)\
»-(x siﬂe cc¢$ + y s nﬁ s-“v )

o .
x‘+z’ . :z+y (x sine cos¢ + y sins sin$ )

+~ 23,. T @R,
(x sina cosw + y sine siny)? :‘v o

If ve kaep only the fir st two tcrrs <> Eq. #9 in evalyvating
the surface integralg, we obiain the Frousmhofer op fur ;izb
solution. If we keep the first six terns of Lq.445, we obtain
the Fresnel solution. Fortunately, the sizpler of thaza t 5 S0lue
tions - the Frausrhofer solution — is of great pﬂachiczl use for
scattering problems. The condition reguired to ignor~ all but

the first two terﬂs in Eq. ks is that

C '.'.“J, ' ’ c ' ) 5 z
.k[xz!Z'.' x’+y (x sina cos ¢ + 7 sina sin& )

+
Ry Wy T ?Rp_.. :
S ﬂ 7(i sing_ cosp ?¥;&”§iné‘ siﬁ$4)? o el

This condition w111 be met 1f
_ R.s . r (L + Ly)

and.
Ry > gy V(L; + Ly) . T (47)

Note that as the acoustic wavenumber gets large at high frequen-
cles, the region of validity of the far-field solution is limited
to distances far from the panel. The famlliar geonetric efrects
in optics are not contained in the far-field solution.




s %o ¥

R X L D

where X, 1s in the far rield and G is given by Eq. 49,

‘where Aplaoe'is the compiex amplitude of the incident plane wove.
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e oid

yy far field evaluation of the FRS formulation can be found by
lnﬂtin& the surL*ﬂe integ" 1 1n Eq 4y, . H
s o R
"FRS ] 2Aptik 1k(R +R ) - L \¥
Py (X)) = - 59— %= G(Er’is) cosdy . (h8)\

where x, 1s in the far field and
. sin —= (sing, cosy  + sin6 cosws)b
- k(sin®, cosy, + sinb  cosy,)

*G(x ._s)

~’sin —L (sing, siny, + sine_ siny )

(49) |
k(oiner sing,, + sinps SIRW;?wl G

The procedure followed in the’ preceding paragraphs can also

be followed to obtain a far field evaluation ror the SRS rormula-

tion. The result is
S m(a 4R, y
Zaptik e

L S R R

Ps (Er) - - G(x »Xg ) cosar.: ._ B (50)

Sy

Far field solutions for scattering of an 1ncident plane wave
can be obtained from Eqs. 48 and 50 by setting .

-1kRs

Ay S = A

pt Rs plane (51)

The angles 8, and ¥, in Egs. 48, 49, and 50 define the direction
of propagation of the plane wave.

In many cases we will not be 1nterested in the phase chara.-

R s e e Wit el IR G i e - o

teristics 1n the scattered pressure field, but will need only the:
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e tﬁ@ cu‘71€

, '%ﬂr@”<p§>g 13 thﬂ m*" i w%’gzazsmra a._w [ | signl ;
" magnitude - The mean-s q;&:e g.;@b¢:e ) a the; FAS appros im-te

'tbrmul ticn, Eq. 28 ts

?*?;?533 ‘,__5°* G’(x 3 ) cos sa . (53

_ The mwunagaxar' pressure from thy ER5 epprozipate formmlatien,
Eg..5¢, 4 . L LI
' P> = ‘ G (g:z,,gs),eos 8’ - - (5‘35)

In a pravious aection ue shzfs thmt the ce vzex prossure
,“amplitude from the gpproxzisote X formulztion is the av cevene of
‘the complex pressure gzpliisudes fron the a*yrsrauwua F2S £5d 7S
. formulations. The far filcld evaluaziions ¢f the FRI and uhg formu-

lations, Bq3. 48 and 50, ¢iffer cnly by the gnzle of ths srﬂ

" fgetor. Therefore, in the or £i213 the root-cwen~sguzre ( o

.f pressure from the EX formulation i3 the avﬂra 3 of tha rz3 p
: sures troa the othe. two fbr:xla icna,v'/.- S

s,rms

-To 111uscrate the far-field 8ol u*i*w» we hgﬁ& e 1cu1°““a 1:‘M pre
sure field rcflected by a § £t s panel. Tae enzle :

The normalizzd pressure &rplitufes of the rafisclizd £
plotted in Figs. 10, 11, arﬁ 12 aﬁ 8 Dancticon of reosiva £
e and the freqaency of thz incidont soun WIVes. oo angle

13 taken to be gero. The prassure ezplitudes, are norzalized aince

we have plotted 20 LOG, [83 co38,/L ‘],20 103, {83 cos 9,/&‘3.&33
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r“"“‘Fc?
gure expl

l‘ ~i |

‘*i.;.‘.ft_?‘;v(z;_..'er‘i . v . w e'xaaan o i n. ﬁ«. ccaa ‘(5@)
wheﬂe iz t 1s thu amylitx do oﬁ gna rwa @2:& gwﬁaanre at the pece

ular a.gla end |4 t' 1s the amplitude of the point source. Eﬁaa-
ticn S8 iz valid f:s any of the thrse ferzulations. KEote that the

- peak ef the reflected prezsure awgiiv"f varios with L L ceuﬁ

" the projooted arcz of whﬁ panel on & Bun
- tilea ef prog

sreal tG thﬁ éircc—
*

;;vieﬁ of the iﬂszaat sound

The e2l mzztxers z«wu to $1les

yote the fﬁﬂéfie’ﬁ sé‘a fors
have b 280 BOTG !

% t
22% dmpractical eince 0p has boen gekon to be ovo.
trata the eyze ¢ colutiona
which gre cttza 1?@5. CBere prastical calovlstions of tha rafleeﬁfd
Zield pressurey ere pregen iwed dn Part 4 of this report. :

The 1£§artarse of tha f&*—?ield sclu“iona ¥ill become evi-
dene in future scotions. Wo will find that the fer-£ield solution

B € a_r@“sonﬂble,aapsaxiaﬂtica to tha exact evalus%ion of the
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T:752 4 Scat*e*iﬁg sg}e*issa for t”e *ear F%eld '

A Sh et b

i Cassid At

TNTNAY

- flector and 1 ¢ 1 < L, /D. Similarly we let

VYL I N SR LIS PP B 2T RN Oyl LTINS ) TRl € MR < R

i . : R ;

- iuvesral erpreszions for the FRS and SRS formulations even when
oo the recelver peint 1s falrly clase to the panel, " Then. we will
‘ :;fuse the far ”lelc solutions to caleulate the total: acoustic poaer

zecues zxﬂ the dir ctivity of :;at yOz“P--”EETQhF

o .

The integral e?p”essions obtained in Secs. 2 1 and 2 2 for

"the scatterad field around a flat rectangular reflector nust be

evaluated numerically when,the receliver point_is'close to the

_Vreflector.}

‘The scattered complex pressure amplitude around a flat re-'

':flector is given by the FRS formulation, the SRS formulation or

the HEK formulation. To 1llustrate the numerical evaluation of

" these~eéxpressions we will consider the SRS formulation for the
- reflection of an incident plane wave. The integral expression
for this cases 1is gsven by Eq 33, repea ted below @'W S

o Ca
P§R$(§r) = - .2&&22 ][ dxdy -——— [ik - -] cosB
P R S -

.

| ) -1k(x s1né cosw + y sine sinw) (33)

A numerical evaluation or the surface integral 1n Eq. 33 requires
- that we replace the 1ntegra1 by a suruation of terns.- Toward

this end we let
%y = 1D -} - —ZQ ‘ e . (59)

where D is the step size, L, is the length of,one“sidebef'the re-

-4 >o
yy =D - -% - % (60)
- with 1 5§ s L,/D. Then the Eq. 33 can be written as

35




e o ey o

where ) 13 tha aeegqt
found thwt gcauirate aamw.ﬁa 1 evaluntisn v¢ld te ebtalnzad by

L -ik(:i sin8 cos$'4'§1 sind sing) . .
_v¢°38 e s T Tt ._(61)

where x1 and yi are given by Eqs. 59 and 60, ’ij 1s round fram
Eq. 23, 5

ryy ® {(xp-zi)2 + (3rvy3)._# (g?} } S (62)
_gnd R _._ ; L I U
| o T T T
- eosB « L, . - (63)
Tig Ty T .

‘The summation in Eq. 61 will be a gtod'egprbxiﬁétieﬁ*to the
surface integral i1f the step slize D iz mude emzll encugh &80 that the
integrand does not vary sirﬁifich;tiy betus a gteps., Lale&s z,

' 18 very close to the reflector, the mest I ~»1 y v&rgirs t mm in SRR

the integrand of Eg. 33 is the ccxplex exnonential term. This
tera will not vary from step to step Af we mu?a the step size
small 1n cczparison to an acoustie waveleng y :

D << A o - ‘.;ﬂ-,, D (6&)

'lena.h; 'E Va”?in» tha s*ep siwe wélj:“

raliing the step gize less than ens-hall the ceountie navalunguh
or onz-half ths peno 1 dizsnsion whichever i3 gualler, Th2 step
size must be such that L,/D and L, /D ere 1&%@5;?5.

The dodbxé'aunmasion in Eq. 61 can be carried out essily
using a digitel computer. At high freguenciez whaere the acoustice

uaveleng h 15 sm2ll coxmpared to the panel dimsasicns, a large
nurber of steps in the sumzation wre required and the ccapu»auion
time becomﬂa lang. ' T e .
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I* s?au’d be peinted out th“t the ezact evaluations of the

' 1ntngral ezpression given by Bq. 33 &sre not exact sclutions to

the scatiering problem since Eq. 33 is in 1tse1f an approximation
to tL° ex~cu golution. ‘ .

‘Numerical evaluations of the S‘S apgroximate formulation for

-plane wave incicence on a l-ft square reflector are presented in

Figs. 14, 15, and 16. The angle of incidence was taken to be
gero. Tne pressure azplitudes plotted in these figures have been
normalized to rcemove the decrease in amplitude due to spherical

- spreading. The normalization is accomplished by multiplying the

actual pressure amplitude by the factor

ir'Aplare'K I
where laplane' 1s the amyli ude of the incldent plane wave. The

nuzerical evalusticns can be corpared with the far-field expres-
sions when we use the adove norzalization. The numerical evalu-
ations for R = 50 £t azree almost exactly with the far-field

solution. However, for R = 8 ft the numerical evaluations are
as much as 15 éB belov the far-field solutions. =~ -

" The aceuracy of the rar-rield solutions as & tﬁnction'or

‘ digtance R and frequency is shoxn in Pig. 17. This curve was

5established by ccmparing the nuzarical evaluations with the far-
field solutions for 0 end 61 egual to gero. However, the plot

is probably also valld for other values of the angle of incidence

e1 as long as 6, = 6, and ¢, = ¢, + 180°, 1 e., &3 lcng as ve '

consider only apecular rﬂflecticn. )

) The numerical evaluaticns for the pear-field p aasure expli-

tuds will be used in See. III of this report to cbizin thooretical
predictions wnich ean be ccmpared with d&ta obtainﬂd in &n experie

montal atudy.__A S

2. 5 The Effect of . Parel Raspaase on the
Reflected Pressure Field

The results presented in previous sections were, atrictly o
speaking, valid only for rigid panels. We will show in this sec-
tion that the panel response has no significant effect on the re-
flected pressure field. The panel response will, however, be ime-
portant in designing a reflector which will not ratigue under an '

. intense sonic environnent.




r R T e A M TR QAYR S

i o e ..'O. ! '20? , o 300. e 00 co ,:_,'_O._ 20. :

-10p=

<20

| emm e NUMEKICAL SOLUTION Ry+ &' EE

., o

__" 1 900

40°

70°

199

Joce

f"ssoouz E-L—smz S fezsom A.2es

2 2
SECOND SOMMERFELL FORMULATION RECENLP
—— FAR FIELD SOLUTION . SO N
ee=== NUMERICAL SOLUTION R;:50' =~

\

. -__...._--_-.Q--
.6' dirrAr i '!‘
PLANE

WAVE S nen.ecroa

FIG. 14 COMPARISON 0F THE REFLECTED PRESSURE AMPLITUDES AN
THE FAR- AND NEAR- FIELDS

60*




8

A

B St it

T e e e R R e o Al st Sl i

§,m—..-4‘ qu I ) Q..-@vw»*?@)m_n& el e w:mr.w%»-&»-'v:"'*“w-w Fwt Y O oy i il

f-azsnz"' -é-es'n'  tea00Hz %L.as7

 SECOND SOMMERFELD FORMULATION  RECFIVER

e FAR FIELD SOLUTION - o
w— w—= NUMERICAL SOLUTION R, = §&' : BN
===== NUMERICAL SOLUTION R 50 - S

L

.aamomc -
- PLANE T 4'x &
s - WAVE REFLECTOR
AMPLITUDES ARE NORMN IZEL TO REMOVE DECREASE

N AMPLITUDE DUE TO SPHERICAL SPREADING OF THE
REFLECTED FIELD

Fi6. 15 COMPARISON OF TNE REFLECTED PRESSURE AMN.ITUDES IN

B X s

v THE FAR- AND NEAR FIELDS.

3y o

]
Q.

PR u(-.‘vw-.';:; B m b e A W 30000 Vapius

L AR ST

By stk e g e

PR

x
.
X
. :::?
&
;
N
1
<




1
[
O

NORMALIZED PRESSURE AMPLITUDE IN dB-
@

‘-’;..\'g.'-ins,\w.-xn-.S-w‘.'-u‘-unu-. A o ackoe e ras R e e ce ST RIIY

Gt

Msﬂw‘l

't ] -
- §x.:z-»;..,;<.2 et

:")'
Q

f= 5004z -’-‘;25'--5.7: . fs1000Hz itenaz
© SECOND SO:ERFELD FCRSULATION  RECEIVER
,F2R FIZLD SOLUTION e

— ecem NUBZRICAL STLUTION Ry® &'

memes RUMIMCAL SOLUTION n,s &0’

PLENE &'x &
WAVE REFLECTOR
ZORTASE L

AMPLITUDES ARE KORMALIZED TO RENGVE D
%3 OF THE

Euv
I ALPLITUDE CUE VO S“’hZRECAL S QAT
REFLECTED FIELD

FIG. 16 COMPARISON OF THE REFLECTED PQES URE REPLITUDES 1IN
THE FAR- MiD NEAR-FIELDS. ' '

13 Lo S S b Nt S o R e 4l A s

T Y Ny e

- s oot S s o0 e A

i e e R et

i o5

. @ o




|

SPL ¢or tiold solution — SPL compu'fér evoluation

M S 3!5"2

250 Hz\

100 Kz

R+ GSTANCE FROM
| THE REFLECTOR TO
- THE RECEIVER

REFLZCTOR SZEe
o 4‘:4' R

o DISTANCE Rf (FT'

FIG. 17  CONPARISON OF THE FARF!ELD EMLUMIO& Hl‘m YHE COHPUTER

EYALUATICR OF THE KZARFIELD FBR SPECULAR EEFLECTIC’i oF
A '_vse::r:zauv !ﬁﬂﬂmf PLME tﬁéVE. o

A e e g 0




v Tn shind. the effect of panel responcse on the reflected [leld
we will c¢nsider Lhe excitation, response and radiation of a panel
In an Iafinite rlisid baffle which Is excited by a diffuse fleld
I olse.  The solution of thiz protlem is relevant to the un-

led punel problem In that the response and radlation of a .
1 panel will ve atove that of the unbaffled panel and,
afcre, will ve a conservatlively high estimate of the effect
anel response on the reflected fleld. The response and radi-

f a taffled panel has teen carefully and completely stud-
ie W= wlll uze the results of this stuily. -

Coerro
e YR W ey g

e gt
t
e
-
-
~

22

- To culeulute the responée'and radiztion in any given fre-

3ueney vand woe must counsider both the modes with resonance fre-

qusneles in the band (ressnant modes) and the modes with resonance

rrecgueneles outalde the band (nonreseonant modes). The response

218 tier pesonant modes 41 1 dominate the response of the panel.

wry the ponresonant modes uuuall dominate the acoustie
Toalion thpoush tae ranel,  We will conwider firot the re-

af'rézﬂnant?modv..

The nenurtic power freident on both sides of a panel in a
e *

chramper {, siven vy

e A

ginc_=_;2v B S ‘,' (66)

’

whaps 1o the’tlmc-a{nrage_pawér incident on the panel, EA is

“ino . .
tie monan-siyurrs total acoustice eneprcy In the chamber, V is the
volume of the ehamber, ¢, 15 the speed of sound in air and A is
tier nper of the panel, %he resonant recsponse of the baffled

cpanel 1o clven by ' '

B ., n
P orad
R ‘ l
- n i, n .6?)

A

-~

tot

whorpe b, Tt meanesguire vitratory ehergy of the panel, nP is
whae vl clencity af Lhe panoel, na {2 the modal denclty of the
\ :
chmnor, s the rotlatlo 28 fastor, an 2 e
s Npag l.L tL,n lo vfu tor, and Mot 12 th .total
difasipanion loos faztor. The epdlation loss factor of a elamped
fiat piater 1o 1 vaffls Lo p=lven oy ' ‘ '
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(€8)

where o, is the density of air, o, is the ur'doa denzity of the

“panel, P 1s the perimetnr of the pdnel axd 1
frequencJ which is given by

"5{fwhere k is the radius of gyration of the pan»l, and ©

fllongitudinal wavespeed in the panel material.”
- of the panel is given by

. P
s nP f 2Kcz

iu‘the crit‘cal

(€9)

2 s the
.ne,vadxlldensity

(70)

" and the modal density of the chamber i3 glven by

The total time-average acoustic poaur radinted
the vibrating panel i3 givnn by

L3 an n,.

rod rad . ’7ﬁ“

g T N

fombining Eqs. 66 throu"h 72 gSVn,

T tet o
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"

For a square aluminum panellin air

PeCo L 84 1
bs 157 tn’

where t, 1s the panel thickness in inches,

!
>0

¥

where L is a dimension of the panel in inches,

%, 17,000
c, 1130 °*

and

tyn

K w0

273

Using these values in Eq. 73 gives

Rrad . _3x10?
12 p2
inc L:nr Mot

Note the important result that the ratio of the power radiated by
resonant modes to the tofal inﬂident power 1s independent of
. ‘panel thickness.

(74)
(75)
(16)

(77)

(78)

“he 1owcst frequency at whicn a panel effectively reflects

an incidert sound wave 1s given by

i €,
B

At tﬁls_trequency

ay

(79)

i s be g K H e
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ine . ntot

Finally, a typical value for the total loss factor of a lightly
damped structure 15 approximately ,

-“tot = 3x107? : o (81)

- o~

"' so that

2es57x10t 0 (82)
dne ol T _

For a typically damped panel, ‘then, the acoustic pouer radiated
" by the induced resonant vibration is at least 12-1/2 dB below the
1ncident acoustic power. i C _
L e Our consideration of the erfects of vibration on the reflector
perfbrmance must also include the nonresonant motion of the re-

‘?;vwflector. The acoustic power tranemitted through a panel via non-,;w-

resonant motion 1s given by

g .7 "1nc — _:;_5_*f»_ ff.(es)

tréns

where 4 18 the mass lau tranemissleﬂ c0°ttlcient which 1s approxi-
nately given for diffuse fieold 1neidcnce by [13] o

o 2p.¢
.ﬁt,,(ﬁ;;_ﬁf‘

The time-average power reflected is 51veﬁ_byfflsfi'“

e

reflected ® Moo " Terans ~Traa (85)

nhere ntrana is tha power transmitted through the retlector by
nonresonant motion and 1 d is the power radiated rroa the back

s
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- of t ope flector by resonant vibration. We can ignore I rela-
JR o A rad
tive to ' T4ne 30 that . o

I | S .
_reflected _  _ 7 L . (86)

‘ ninc

Sor arn aluminum reflector in air the mass law tranmis»ion
2weflficlent can be written as

= _[3.8% : .
T = 2= . (87) .
: (ftiny L o f :

ﬁﬁere'tin 1s the reflector thickness in inches. If we require

that 0% of the incident energy be reflected for frequencies
above 100 Hz, the reflector thickness must be greater than 0.12
in, For a 1/16-in. r»flﬂctor, 63% of the incident energy at 100
He o reflﬂcted. _ .

e conclude that the flexibility of a h-ft square aluminum
2flector 1/8-in. thick (a typical reflector) will not alter the
iceled Ticlu oy more than 1 dB so that the reflected field
om Q rxrid reflector can be used ror our calculations._

2.6 Reflected Acoustic Power

An evaluation or the perfornance of a reflector ¢an be best
mud> by loocking at the reflected acoustic power. A reflector -
Aita a.iu.xctory performance will reflect most of the power in-
cident on its surface in a colimated beam which can be directed
537 tl"’ taest ObJC‘Ct.

Jur t~~oret‘-,;.,-~d‘c.iuns for the reflected nre ssure field
Have boen obtalned for an acoustic medium which has no energy
disaipation mechanisms. Tnus, the acoustle intensity in the far
ri«li ”zl be used to caleulate the reflected power and tha direc-
tionality of tnat power. _ o :

The time-average acoustic intensity of the reflected. far
fileld &s directed away from the reflecting panel and has a magni-
tude equal to

.

vr(aé.ar,wr> -

53:—: Ip (Rr.er.w )I‘ ‘» — (e8)

46
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ﬁhere b is the time-average acoustic‘intensity, r,er,w are -

spherical ccordinates defining a point in the far fileld, p_c  1is
the specific acoustic impedance, and P is the compiex ampfiﬁude

of the scattered field. The complex amplitude of the scattered
field can be cbtained from one of the three approximate rormula-
tions presented in Sec. 2.3.

The total acoustic power reflected by a panel ‘can be found

by integrating the far-field intensity given by Eq. 88 over a

hemisphere of radius R which is centered on the panel

e o2 R
1 -»j; v, }; 8, B, sino, I(R,0.9,) (89

where R is thebtotal time-aVerage power refle*ted by the panel.

The acoustic power incident on the reflector takes a very
simple form for a plane wave. The intensity of a plane wave 1=

aligned with the direction of propagation and has a marnitude
given by _ ‘

1, 20. - 17 L S0

where I, 1s the time-average intensity, p,c, 1s the accustic im-
pedance and P1 is the complex amplitude of the plane wvave. It

follows from Eq. 90 that the total power 1ncident on the rerlector
13 . ‘

m 5;%;: f?;i‘né-coudi‘ | .;”f‘i e

uhere H i- the time-average incident powver, A is the area of the
refiector, and 61 is the angle of incidence or the piane wave
measured from a normal to the reflector. _ » _

The ratio of reflected power to incident power as a runction
of kL cosei/z. where k 1 the acoustic wavenumber and L the length

of one side of the reflector, has bdbeen calculated numerically us-
ing a digital cowputer and 1s plotted in Figs. 18 through 21 for

47
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g:sevsral values of ti e engle of incidenc
Leurves are preseinted in eayh -flgure ¢
.-SR3 approximate form ul ticns for the rafia

2 of & plane wave. TwWO ..

?;;pc irg to t«» PT: &t
e g7
cLe

2 field. TShe EX

7 forrulation will give results which are the avera ze of tnﬁse two

curves. At high frequencies (k large) the ratio of refieete

power to incident power epprcaches one as would be exp cted-b ased

on a geometrical optics point of view. At lower frequencies,

- however, the ratio of reflected to incident power varies between

the different formulations. The FRS formulation gives ratios
which fluctuate in frequency and which for certaln values of
kL coseilz exceed one. The ratio of reflected to incident power

g;can exceed one because of our definition of the 1nc1dent pc 20 as
. the intensity of the inc ident wave whon the reflecter is removaed
~ times the projectod area of the reflector on & plane ns‘Aal to
,the @irection of pﬂopagat50ﬂ of the wﬂve.

The fluctuations of the FRS solution are larg st fdr ei.-'o°.

 jand disappear for lar*e arglas of 1ncidﬂnce. - The ratio of re-
~flected to incident pouer given by the FRS formulation for low
values ot kL co»81/2 is strongly dependent on the argle of inci-

dence. The ratio at kL coseilz equal to one is as follows:

Lk v ' . ' : kL 00361
8y n /IIi from FRS formulation with =1
30° . R

.. hs° 0.3

- 60° | - 0.2

f;where n is the reflecued power ard Ri 15 th » insident power.

The SRS approﬁim te formulation givﬂa pr redictions wh

- iceh ov2
. well belew those given by the FRS formulation exzcent for large
. gngles of ineidence. The 8RS formwlation anprozihos on2 &

s
:-kL coss /2 Increases but not &3 rapidly as the predletion give
by she’Fﬂs formulation. The fluctuatlons exhibited by the FR3

fornulation do not occur for the SHS foraulstion. And, finzlly,

-the SRS formulation gilves prediections for the ratio of reflentﬂd

 ‘fto incident power which are nearly independent of angle of inci-

'dence, as shown below.
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| The . HK'ééﬁroxiﬁate fbfmﬁlation gives predictions which are the
~average or tnose given by the 'FRS and SRS fbrmulations.

The causes or the differonces betwean the three approxiﬁate
. fbrmulations are the Kirchhoff snproximationsd given by Egs. 10
. and 11. As discussed in Sec.. 2.3 the far-field pressures at

specular reflection predicted by the throe approxzimate formula-
“tions are identical. Thus, the differoneses betucen the Fi3 erd
SRS predictions for total radiated power result from differences
in the predicted amount of power radiated in directions nearly
o parallel to the plane ot the reflector.

of the reflected power 1s as important £3 the total reflected
‘power. . As a measure of the directivity of the radiasted field we
have numerically calculeted the power reflected within a cone of
angles defined by 0. This reflected paaer is given by

e

-»

‘where 1 (9) 1s tha tzm-aav aga poser refle~tud 1n the conz of
to the reflecter, and I is the sr«fﬁﬂlé $ntonzity given by Eq.

KL/2 are shoun &n Pig@. 22 thrau b 24. 211 pzees sha;ﬁ gre for

predieted ebove. The Fi3 and SRS spprozmimase rc”auzuticﬂs give

nearly the sans predicticn for the power ra&iatad into & cong of

angles for emall values of 6. 1If we considar angles up to 30°,

. the prediction from the two formulsticns ere within 203 for any
value of kL cosd /2.- We conclude that the questicn of which

fbrmulation to use 13 not of graat 1npar*ance for our partieular

P e e SR I 2 Foan

Por the purpose of shaping an acoustic field the directivity

T R . |
L - [ @ f a0, 7} stno,_ z(a,,e,,g,) s

_-engles detinad by 8, the anzle @ is msasured relative to a normal

_83. Plots of the reflected pouwcy, (@). for Gifferent valves of

the caze of normal incidonce. %2z throd ploda show tho bahavior
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ﬁrbblég; since we ars mostly 1n€e?est d 1n the reflected pressuﬂe
nesr the specular arales, 6, = 0 and Vp = #1 + 180 .

In Part 4 of this report we 3111 use calculations ot rerlected
pow»r 2s a basis for practical design charts., These calculations -
will be based on the SRS approximate formulation and, therefore,
uill be conservative estiuates of reflector perfbrmance. .

z 1 Reflection of a Band of Acoustic ﬂoise |

The predictions fbr the rerlected tield 1n previous sections
'~ have been cbtained for a single frequency pure tone. To be prac-
tically useful these ezpressicns must be averaged 1n frequancy in
order. to predict the rgflﬂctlcn of ranuom noise. :

- 1he rerleetion of an aeouaeic field will be assu»@d to be
j linear even though the levels of the field are high enouzh to
" cause menlinearities in the propagation of the wave.  With this
essuxrpticn linszar 1nput-outpuc relations can be used. The spece
. trum of the pressure at point is related to the spectrua of

tbe point or plane wave sourca by a trequency depond@nt const“rt,

uhéré s (x ) 15 the spe t un cf the pressure at point -r' t 18

the rrequency, s1 15 the spectrum of the source, and H is the com-

plex frequ»ncy response. The function H is the cozplex pressure
amplitude at point Z, resulting from a pure tone source with

unity amplitude. Thﬂ complex pressure &mﬁiit&ﬁ@ for a pure tone
_h@a been calculated in p evious 82 cuionu “nd is given by

K(z .f) i P:( ) + P (x ,f) (93)

where Pi is the corplex anplituns of th& 1nciéant pure tone vaves
at point p. and P is the amplituﬁe of the scattered preasure -
field at point Xne The magnitude-squared or H(x ,f) 18
ln(x,.:)l’ - |P1<x .r)l’ + lP (x,.r)l‘ + P,tgr.t) rﬂ( .t) |

| f rg(g,.r)lrs( .r) | :; 5 Q;.» ;fj7a" (95)
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' The last two terms of Eq. 95 result from the interaction of

A‘Ethe,incident field with the reflected field. ¥e will show that

the average of these interaction terms over a band of freguencles
tends to zero aznd can be ignored. Then the magnitude-squared.of
the transfer function can be written as

| <m(x ,rn ar ® <]P (xr,f)lz “ + <tp (xr,f)]’ ar - (96)

where Af 1s a band of frequencieo, and r 1s the band-ceﬁter-

2.7.1 1iateraction of the fncidont field with,
2 the re ﬂeczcd fia!d

To show the interaction of the ineident field with the re-"

r'flected field we consider a point source generating random noise.
~ The strength of the source wlll be somewhat arbitrarily set to be.

the spectrum of the pressure at s = 1. To find the complex fre-

- quency response we will calculate the complex. pressure amplitude
. at x. due to a pure tone source with unity amplltude Ap =],

The’ igcident pressure amplitude for this ‘ease can be found rrom

iks

Pi..(;x-l"{) &

" where k‘is the aeeustic wavenunmber ahd s is the distance from the

 3150urce to point X, If we limit our consideration to points in

-r

the far field the reflected pressure arplitude is given by uq.
or 50 as ‘ : o
o Lk(R 4R, ) qeose,
Pylzaf) = - BEE oz ] 0 (98)
& =r : s'p - -=8 lcpser'

there P is the reflected prebsure amplitude.,

!

The cose is used for the FRS approximate formulation, the -

  ¢056 1s used for the SRS formulation and one—half the sum of

these factors 1s used for the HK formulation. COmbining/Eqs. 97
and 98 we calculate the interaction terms. 1n Eq 95 to be
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Pi( .rm(x 0 + Pe(xr,m (x00) =

2 G(x ,x) R
Tﬁ"ﬁ""’ sin k(R + R - Rd) o (99)
rsd o S S :
where R, is the distance from the source to point 5&;_ All terms

in Eq. 99 are positive and vary slowly in frequency except the

sine term. Thus, the average of the 1nteraction terms over a
narrow band of frequencies becomes

: 2k 8 (x.,x.)
s C c b S
‘Pzps t PP ar T Ry n“s"ﬁ‘d"'

<sin k(R + R, - Bd)>Af.  _ A(lOO)

where k 1s the uavenunber at the bnnd center frequency, G is

the tunction G evaluated at the band center frequency, and Af is
the bandwidth.

If the bandwidth is sufficiently wide that the
condition T g L e
ar, Ao R (101)

where f 1s the band-center frequency and A is the acoustic wave
length at fc holds, the average of the sine term over Af will be
small and will tend to zero. 1In the far fleld the d;;:anceg Rr
and Bs must be much greater than Ac’ 50 that the condition ex-

pressed by Eq. 101 %111 be met at all points. Ve conclude that
negleecting the interaction terms to calculate the reflection of
a band of nolise generated by a point source is a reasonable ap-

,proximation in the far field.

2.7.2 Reflection of oae third octave and .
octave bands of noise

The mean-square sound preesure 1n a one-third octave or oc-
tave band 15 given by ,
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P

(x (£)25¢ = <s (r)}a(x ,r); 2pe '   f102)

where < > signifies a trequency average and Af is the bandwidth.

If we assume the source spectrum to be constant over the band, then

<_$P(I )(f)>bf = si(f)s,lﬁ(‘x'r’r“z>bf - | (103)

where <|H(x ,f)|’>Ar is given by Eq. 96. For a point source the
frequency average of |H|? 1s given by

2 y <kgG3>Af cos’ez v _
. <|H(x,,0)|2>)p = = ¢ — ——== 29 ¢ (104)
. ’ .34 R} ' RIRZ cos*9 v

uhere 1s assumed to be in the rarvrield, Rd is the distance
from the source to the receiver and the term cos’e is used for
the FRS formulation wiile the term cos‘a 18 used ror the SRS
formulation. The term <k‘G’>At is given by

' t’LxL
2,2 - sinaf sinsr
<k®G®>, Uc’ K—! f( f). {105)

where f‘ and r; are the lower and upper Iimitavor the band and
oL, -
as 'E:' (siner cosy,, ¢ s;na. cosﬁg)
sL

‘B e 1#? (sinqr siny, + 84905 Biﬂ?,) . (}05)

The integral in Eq. 105 cannot be evaluated analytically for
the most general case. However, for gpecular reflecticn, o, - or

and ¢, = b, + 180°, and both a and 8 equal gero so that

60
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'¢;<kz¢zs§£ e« Xy 1 % 2 ar 2 s for*g:s g =0 . (107)

This integral can be easily evaluated to give

S o v,szLa g E S _
<k?G?>, . = —EX L (3 L 1) ' pngagsp . (108)
: Ar 2 AT ““2 1
12¢g :
For one-third octave or octave bands Eq. IOB'can be written

S , _*iLsz' 3n -3n o -
. <kGi>, = X ’_(2 =2 112, fora=8=0 (109
O 12¢2 \ 2.2 | -

where n = 1/2 for octave bands, n = 1/6 for one-third octave bands

and fb is the band center Irequency. The spectrum of the sound
pressure at angles corresponding to specular reflection is given

by _

<S (r)> ¢ :d: 2 o
p(x_) At 1,170} 1212 ¢ : '
_g—r—(r) P ..1.. 4(1 025) 35 A gos’a' ‘ {110)

where the factor 1.170 1= used for octave dbands and the factor
1.025 1s used for one-third octave bands., Comparison of Egs. 110
and 58 shows that except Ior the factors 1.170 2nd 1.025

<sp(£r)(r)>ar - P(Er)(:c) for speculariretleet}on - (111)

»

This result allows us to use the puée tone calculations for fre-
quencies equal to the band-center frequencles in order to calcu-

late the sound pressure spectrum at the specular angles of re-~
flection. ‘

The first term in Eq. 110 is the contributicn tovthe pres-~
sure spectrum from the incident scund field. In a practical ap-
plication the source will be d@irective so that the incident fleld

] S -
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o Bke bandy
“*has ﬁ&ﬁ=

~ever, at locaticns ev¢‘£;;eﬁ¢ia

Cdn previous sagtions sho ki

gound wvaves will b&va reletively gy
: sna will have & shepe Giffoerent than that of the fneidsat wave.

_  culatlcn o this quant ity.

here

ed fis214
uhaﬂ& e fcst
“ . H m 6.»,;‘.«‘ -...u&uug

szus tic no z2 fleld 2t
aulay reflection. Howe
%a s*ﬂ*“iur re flect¢cn the pure
3 sy frogquency can be used

&8 elso mﬁﬂ" ﬁmanans*
. Best be used $o czisu
‘logatiszns which o nv!

tone result evaliuated g% ¢he b

- for the noise field. In the pmaétzézL utilsization of a reflector

‘the ‘greatest interest is in the reficeted noise field at locations

'z.of specular reflection, since the reflccted field has its great-
. -.est levels at these lotations. Thus, tke pure tone calculations
aT: nill be or great practical use.

Tne effost of Prequency everasing on the refie eed gééer is
not signifi*% nt, sinse the reflischiod poucr 13 & f&ariy gxecth

e

. funstion of frc%u@ﬁs* R 2335” Bly eccurate estimale of the re-
.ﬁ;rlecteé»pe;ar in a ono-third estav

g or celave band can be obtainsd
by using the pure tonz pred iet 7 &5 the band conter froguency.
.-A more ezact espressicn czn be cbiainsd t; a P iﬁg tha plots
shcsn in Fi”s. 18 tnrsugh 21.

2 8 Rsfiectien ef aicﬁ L@v*l Sound w@wés

The scund preaause Icvals r&guir 4 to eﬁmulaSe‘&any gctual

o env:ronments ers o high that nsnliinzavities &n the eguations

govarning the propagotion ef tha sound waves must be eonsidercd.

- Theze nonlinaoaritiez cavse the waveifvont of an initislly harconle
“-sound wave to stespIn &3 the S *la until the liziting fora
of & 8BS swtcoth 18 resohsd, Fop gprostiszl teos 1@?@15 in tho pange
“€rom 150 to 180 €N the transiticn Fros o t:rn. de @izturbence o

K saw%cath'diauu“aanaa takes placn ever @ nwxzﬁr of wwV@lﬁuubn _
- Of the disturbanse., For ¢$his ronscd we will trzad the ast o
reflection process es 115@&% evan thouzh nanlinzarlitisg mag !*W@

tc be consziderzd 1& tho p?ﬂ"mk sion of the Fﬁf @cﬁ a 8o ind v*"ﬁ

LT

Our teshnigue fop gtulying %ﬁe ufﬁﬁﬁﬁicn ef big ¢h 16“91
eound ¥aves will be to Cexprose tha iﬂ*ﬁhdhu gsvaes ab the reficce
Ction 82 2 sum of hormenie wives and $o ealsulste tho r&fi@ﬁ%%é
Cgcouztiz féﬂ’d fop i : morasnis ecunengabts. Ro eghom
¢y hnroonhic comrenents will
the wovefsrs of the refleated
sap higheProgusnzy ¢ontend

be nors effsctively reflicat

© For the proasnt program we &ro more interssted in the tnasﬁsizy
.0f . tho reflceted ficld angd will limat cuy ceaaiear&tion to cal-
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v ve will assume taw.“;,'ﬁ«u**m
“ois ‘a sawtcoth. x%" n, t.“}
- -eguaticn

b1(£o§) = Pig(kgz.cos@s'ccsg'

+ k,y cos?s sin$s'- w‘t)v ':-.;:'f7 “‘(135)

where P 15 a real amplitude, g is a sawtcoth waveform, x is &
point 1n the plaﬁe of the reflector, k, is the wavenumbor at fro-
quency m,, ©, i1s the anc”mﬂntﬂl f**q*en:y of tho zaxbooih and €
and ws-def;ne the anzle of incidinge of the sound wave., Thoe funte

o

tion g is periodic and is given by T ; S

ey = -1 oecxc<an. oo (u6)

-The intensity of the inciéent'ﬁéve is simply‘:'

To calculate the rhfl
expresa p1 as a sum o

*&ﬂ
ﬁ,@

. The scattersd 1 en in:i
is glven by Eqgs. K8 or 54

y fty of the problen we ¢an i E

ponents making up the incldent

$a1uticné
;.. Wne pesnlt

" p(x,t) = Rg ~— P s l'l- ! 6. e é,g%u R
8= . 1 ’ a B

£ e e et L ol S kAR rA

slon of this ineldent sawtooth wave we will
o o~ & o . :
4 - § S . - - .
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 ; wh&re ecae 15 used fo” th° FRS fOthlatiOﬂ, cose 1s ‘used fbr the
i}'SRS to ﬂul tiaﬁ, G is &h“ value of € as given by Eq. L9 at
L'k t'nk The nor:allzed 1nt ensi*y,is given by '

. B iz.' 1 .zw
.Is(Rr,er,wr) y kg cos®e. ¢

S A N o B

e B e 2 G2 (120)
PR 2 p2 2 2 Z n
B R _Rr__gos Qr " n ; L _
L.L sin naf, sinmf. . ]
S : X ¥ (] e ‘ S
Gn' K naf, = nBf, . . ...(321). o4

"o

"fgkhéré @ end 8 are givén byizd.'los.' Evzluation of the suzmation
-must be accomplished numeprically. We have done this for the par-
;ticular case of e ‘and ¥ = 0 and Vp ® 0. The SRS formulation

" ‘for the norxalized 1ntensi y 1s plotted 'in Fig. 27 for a value of
-k L/2 =1, It can be con: ared with the result for the rerlection

_fof an incident harmonic wave of frequency f,. The comparison

~shows a very interesting regsult. The 1ntensity is infinite at
_ﬂangles corresponding to specular reflection, e = 0 for this

“eéese. "Thne fact that tha intensity goes to 1nr1n1ty at specular
- angles of refliection is not phys ically unrcalizable since the
ﬂtotal reflected power is rinite. B

.

She e i e e el
R QO sl e e i 05

- The reflection of high level randon sound waves ¢an be .
l”handled quite simply. ‘Since the reflection process is linear we
‘treat the reflection of high level random sound waves the same
-¥ay 88 low level random waves. The reflected power in a given
‘band 1s found by pult iplying the incident'pcwer in that band by
~the pratles shown in Figs. 18 through 24. The effect of nonline-

. grities must, ef course, be considered in studging the propafa- RS
:tion cr the riah level reflectea sound waves. .
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"_12 9 Cow;arisen of the Rpproximate Seiwsieﬂs w%th 'ff';, ’ R -
' the Exaet Solatiaas for a Disk R s

, The exact solution for the scattered tield from a rigid disk
, ,with a8 normally incident plane harmonic wave has been found by
- - Bouxkamp [14] among others [15,16]. The disk is a particular

" shape for which an exzect solution can be found because the bound-
ary conditions expressed in an oblate spheroidal coordinate system

ek riatsic =N
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for tna qubl n are not mized. The s;vzze.oly, e sol i:a fa“ &“y
anzgle ¢f incidence could be foeund. Ia pristice, however, ¢nly
tka solution fcr nerzpal incidonse is *;“*? ated. A deta ﬂd CLTe
parison of the exaet solution end the gpproxinmate sc’uaions ¢lg- -
cussad An this report has boen pode bv Lc*t%n@r [15]). ¥e suomrize
this coropzyizon by presenting tup exset &nd approxzizste solutions.
for the total reflected pouer in Pig. 28. The exzet solution has
been taken from Bef. 16. ¥e SLQ ‘thet the FBS epproxioate formue
laticn is in much better &rrec zent with the exact solution than
the SES approximate fbrmulation. Eovever, &3 discussed previously
the differznce between the PR3 and SES solutions for norzal inci-

‘dence 43 in the prediction of th2 snosunt of power radicted in 4i-

recticns ecorrssponding to high values of 68, Unfortunately,
Bzars' [16] experimental results lead to thb opposite conclusion.
The qussticn of which forrulzticn o use for nonspaeenlar anzles
of reflszeticn i3 still cpen. Eud since we ere msstlv intzrested
in speseular reflecticn 1n this fu?@? ne ezn 1@3 th»s q"*zticn
unmswnrcri. A _ )
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~These figures were obtainsd from Ref. 3.
we added tra cnrves givzng thw far-field evaluation..

.'!

sacmza m B
EKP afﬁfﬁ?s

Two sets of ezpﬂrimenta were condue ted to coﬁplémént'the

, théoretical work outlined in See. II. The first set of experi-

“ments was conducted to support the validity of the approximate
fornulaticns for the reflected field. These experiments are

_discussed in Secs. 3.2 to 3.4. -Scction 2.1 compares the approxi-

nate fornulztions with data obtsined fwc% Ref. 3. The second set

- of experisents was conducted to study the 1nteraction of the

. acoustic field near & tast cbisct ziﬁh that near 2 reflector.

The usze of 2 reflector to form & resonant cavity, see Pig. 3,
-end to reflcet sound away frex 8 3;33 cbge t, see Plg. 2, was
 investigzated in this get ot e"pa ents. These experi nts are

3 1 Data Frcs Experimaats CGuéuctzﬂ b Sakurai‘aﬁd Haekawa £33

Sakurai and Haexauy.[l] have s»udied the far-field reflection
ot an incident plane wave by a rizid squsve. papel.f They conducted

both a theoreuical and experimantul s»udy.l.;w

Although th° authors of Ref. 3 carried out their program to
understznd the use of reflectors as “ciou**” in 3 large auvditor-

fvm, their rasults are eqnally vcle % to_thevpvgbgem belng dis-

: cussed 1n this rnport.;,‘-

' Sakuvzd and Packs awa used a Fresnel evaluats on'dr fhe BK ap~
ptoxi:a*e formulaticn ~ see discussicn following Eg. 45, A cone
parison of thelr Freanel evalustion with the far fleld evaluation

o Nt

of the FAS approzivate forsulatics 4s shown in Figs. 29 and 30.
. To make the coxparison

The ex;sriaﬁntal valucs Bhﬁﬁﬂ Sn Flzs. 29 and 30 ‘wers ob-
tained by Bakurzi and Kzskawa using’ s c@tap similar to that de-
seribed in the next Section.  The mrzsyred sound pressure levels
are norzalized by the sound pressure isvel that would exist a

vdistance R + B fron the point source, where R is the distance

fronm the source to the reflector and R is the distance from the

receiver to the reflector. The source was an electrostatic loud-
speaker located 3.5 meters from the center of the reflector. The
receiving microphone was mounted on a rotating arsm 1.5 meters

‘from the center of the reflector. Note: the microphone was lo-

cated at 1 moter from the reflector for the experisents with a

»6 em (Za = 6) reflector. The d¢istaness of the source and the

- R fa et T e s
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% the recﬂiviﬁa mi- ‘

24 :1d*n~ to spesular

"ﬁr ~a in., sr,? 357 amﬁ o 189° —-fcr a nuzder.

"ﬁ of diffarwpt reg nazcies Fha ﬂzﬁ~wrca:nz tecﬁnique for this ex-
~;§%fiﬁ£ﬂt ‘Wa3 lxke that uwsed for the first tyo series of experi~
ments.s The measursd sound pro zgaure levels ere shown in Pig. 37.

- -~ Por eczparison the nunsrical evzluntion of the FRS approximate

3 - formulation is 2lsoc shown. The agreezent between theory and ex-

S ":periment 1s again excellent.

:leebica*

’.V.,.;u_4-".h_

8 : The fburth series of e?pﬂriments was conducted to 1nvest1gate
;/ & . . the effect of reflector res ponse on the reflected sound field.

-+ - The first. three series of espariments were conducted with a :
©° 21/16-in. aluminum pansl. Agvosment betusen the results of these
. .experiments and the th:cr&siewl predictions for a rigid panel in-
- _dicated. that the responsz of thz 1/1iS5-in. panel had no effect.

. To further support the prodicted result that the response of 2
“panel; which is pot paper thin, has no effsct on the reflected
field, we conducted exparinenis uging e 0.021-4in. thick panel.
- The paransters for this series of exzorizeants are glven in Table I.
~The results are shown in Figs. 33 and 39. These results show
that the response of the two panels used, 1/16-in. and 0. 021-1n.,
: thick had no observed ef;ect on the r;flected field.

: He conclud frcm th° above experi:nnus that the approximate |
xfb rmulations for the reflected field serve as a valid baseen .

" which to predict the performance of a reflector 1n shaping an
acoustic rield in a test chamber.

Experimznts using an ineident rondom sound wave were not

3 conducted 4in this phase of the program becauze of the difficulty

r - in measuring the raflected field separately from the ineldent

- . field. - The pulsed tones technique could rot be edapted to random

so&rd ‘waves since thes measurement intervel, T, w23 not long
encugh in our experiments to alley sscurste measnrement or the

,mcan-sqLare preasure or a ruvcon sound f;ald.

‘3. 4 Rsfiectiea of an Iacié*rt Sautooih Sound wava }t'°

7 The expe 1 nts ‘deseribed in chi¢'uu-bien wc"e ccnducted to _

F 1nvest;gate the reflection of an incident savitcoth sound wave,

: which represents an incicdent high level sound wave. Howaver, the
- experimental difficulties precluded any ¢efinitive results. Be-

cause of the excellent agrsement between theory and experirent

i for the case of an incident pure tone we feel that the analyptical

- . technique of expressing the sawtcoth wave as a ‘sum of pure tones

- to calculate the reflected fileld for an incident sawtooth wave 1is

valid, even though we have no exgerinﬁntal verirication or the :
resulting predicticns. _

83

ol 1' B L F DLl et R —_
LR e . . S

L

e W B, i s db QA Wi ohne 1t o I dele A e 1 B

O L SR

L L b e eSS

s A BB A st

e > i N Wi ik 07 W e ¢ o TR

catharis

s e

Nt o




TN

i §eD  uoLYTY

[T PSP IR SR

. et R o ean N . Loy, . V. i e Wi et wed R ekt Caiae fab e T B s i
B e U L T TN TR NP SN O

| *3AUM L8Z313HT SRL 40 AJNS
: KOTLONAS ¥ SV Ez_ HLIA SHO1LAT05. JVHIXOUAY THL 40 HOSIL

- (zi54) Asunozud
4 S ) o m 2

ﬁw@ ﬁdv.z@ . : wﬁnmmdr»”ﬂuﬂm
{198 UBAIBOLY CA UDLOIIEY
o4 BOUALO

oG SSNIBEITH £0 B3BNY

v

L NGILVAIVAD 3L

.z
Sy
q
€

wu -
H09  If 813

ATWA QIUNCVIN O
QIDIUEANIS 40104, 40

ALH0D o

PR

Y
71

| UI3A3T ZUASITVE G

€

g
0

28 €

FARERAE

=
5

8




NORRIALIZED PRISIURT AMPLITUDE IN €3

 f=1000Hz 55*2.83 z 'ZL =572
© HIASURED VALUZS FCR I/IG (NN WISX RIFLECTER

0 CTASURID WALES FCR 0.00 ININIZ WUGK REFLECTCR

ACHTIONAL TEST PARMEVING ARZ CDM I TALE L, PAQE TR

FIG. 38  CONPRRISON OF DATA FOR REFLECTCRS OF VARIOUS TMICKRESS.

8




>
e
z
!
e
%

ey
e

AT 8 02 g2 LTI Y e

o) \g‘faﬂf”o.ﬁzhm B S Y
e )
£ [

ﬁ“ﬁ° SusL YIOT B

v g
P %:?‘sm .

FIg., &2  CUPARIGZOE eF BATA




es. fc’lc“,._*F-'
’ﬂiiﬂ wave by
q eleﬂ*r* o

13

(.
£

t/?
35 {
O vy {0
< 4 *",\_(‘?’
2 by
N P AN

O oF f
3

[T EEC

s

?ﬁv‘-‘ %
fil,e“~ E; aﬁ ';tzr” ¢ha
- found it pozs: bza L
re&*“bluneo to the s ivza SR

Q¢
!

Ble hhﬁd &ngd
. »aa ¢ the £ 8 W3
sc;:stic waye which bere sons
the Uni artunately, the ressme

CF b

et

)
2
2]

-form tg_represen»,a\saw;agth.‘

: Fér the ea¢ "
ture, shown in %iw. 3.
m@paullﬁ.dn.tw&:wg
secticn stringers., Yoo BLE
C3/% in. end iz &*”a Lron
eve rive @a £o t

?d, tring

iz a & fe by & £t alun
raoh @lrection by tuwo ”’"
~.¥.19u measures 3/4 in. by .
tumivug shoet. The stringsops
;;v%&s every l-1/2 in.

npication of the
,**@ﬁ wors plec ﬁ on
the elther divection
23. 0 Enentisn of the

of Lok L?&”&?iﬂ? 5ur*;

struztu e taa a%r- b :
-8i€s of the pansl wille 125
~Were pilzced on the obhop i
s*r*ngara tn %his w2 ; e

. a?hb ta«t structure was sury
rever erant, 3000 cu £, tes IR

‘the chatber are agpﬂezimately 1 8¢ tua
£o’ 4000 Ez._ - o . A

tﬂbar$hlen times in
freqaancy range &00

&b
"blance wxas not sufficient to sllow us to use thﬁ g@nerated wave-,

o g tent
- %j;%h&' nijcats Iintope
. aet & d fevm EAE ,Jéricn of gound prezsure
- IQW‘LQ ¥?§Q c{?w&h‘u W . 5 b’ . . P&gx t, {;ﬂ b o 39;3?.0?
_&nd the tasnt *"'«*‘::. :s,,f. : ; savity 4% which & rovcre
terant sound ficld e reiillizlod. . The sevorberant field has
sig*‘”*c“uulﬁ hwéum 2 4n the surrounding ooouse
e fileld. iooke the ineldent goungd wavos
-and keeps thc *yﬁm tha tesb structure; thorsby
oyering t 5 thels»?uﬁtwrg.;*a theoreti-
41 ¢2ts 1s beyond the siate
& ,uhav grsﬂﬁam.“ Inﬂteaé, 5:3

=w;@a& & sirvlﬂ tﬁ t st“ﬂ

‘80 83 30 form nine

one

"ISQ

L

T A T

s v —e o

iy




R L Ga LI VPPN Y

P A A e A ey e RTINS o SR T o

FYWIIRT ey

T e g SO e Ty,




ok was se
v.~l 21 to the

2snal wsiag thre

4. *‘Esfw ;e oo
ly 8.3’1 g ‘71@

¢ &e\ ntic roize £icld f » the egu rizsnts was -
glostrisngnetic dviver gnd horn. This gound source
¥23 1~~~'c& & £t from the center of the ts5% object end directed
toward 4%, Th,@* anzles of incidonce ma%ﬂ Li@j for tha experi-

craatod ?‘3 £

rents — norzal to the teot gtructure surla &5° fram th- norzal,

end grezing to the stru ures su.saue

<nﬁ gs&“sura 1@?”1& cn t“e gurfage ©Ff % 3 t 1:34 at*"ntxma
22 by @ 1/3=4n, B3R miopsoihon irsgctly ¢to tho

i‘."é-»a &f,"s 'Y gy A B 3';-”-3 -ﬂ'.,- t"“"-“?““"’%a wLOre

'w-b%aww e bl LS o L33
‘ 'r"“ __3'..3 &&& -

I i, £r o
@ *a ba&&gia“ns

i et siting the sound source
with brc:w“,ﬂi sandon nolse and pos tha sound presaure
Isvel and gooslevation 1ol 4n et stove bands &3 & funce-
tion of tz refizshey lscakicon &nd ¢h ‘a e? incidsnsoe. Fode
suronznts of sound gressure lovel and cration level without
tho rofloctop 4in plade wope u“fﬁ aﬁ rance level for the
ctheop éxyepinonts.  Fopr novom gk Bk ne%izaee the esound
prezsure logvels on the 13luninate the pongl are eoprozi-

¥
G

bef

2ly § €5 groater iz on the z

& LG, indicating that th
@ 498 iw tﬁﬁ nese fﬁcz '

£OUrCe.

ﬁa&aurcze.ﬁs ef the ac”“ﬁ g”:ss*ra laovzd gt the center of
the subponel wundey the pefizctoy for giz (5) reflecter lossticons
end th 28 (3) n~3e$ of insidonce org ﬁ?ﬁf*“ﬁﬁﬁ in Figa., 8}
thrcush §3. A sirmd floant o1k zund pressurs levels

AR WiREs e !-:.. %

cn ths toot ebouciure &P oY 2oanznd behavior
13 . S
caours oy o in tho ene-thicrd
catave b aﬁs sonLaees in

u‘

thege bonds ca“é- a8 Xt end 504 vosonznee fozgusneioa
¢f 8 twaeds hie g 230 sure rel»aze bounde
&Y c,x&idizu ;NWwwm of suzh a spsee
cccuy &5 3250, ; 4 p, sincs the JWua s&z;ez
&% thore rés “uu”ass 8T 259 et the cﬁnt*m of the gpacs, oud
reasurcensnts Gid no’ Gt Ewt ths repongnt bohaviay gt thoza froe
guzneles., A&t lapger raflestor to strusture distances the regsonant
behavior 15 not a3 arancu%aed und tie rescnance fveqasrciea cew
erease slightly.

89

[

K3

T R )

- g

B v i ol B0 ) B, sV b bl 0 e w e b

o




MR

b A% 08 .
= griineut rofiodiee

- £

b g

ot

~ B9 o
Savd

Plytthe

13

. v ;
2z0  ¢oD €30

ERRATI L RTINS £
Al X R ] {;v’i

PR VR SR L

D g oman
o wd E NI Ivio

RIFLESTON 7

P T ol RS

”
5
3

3
o

s

i
&

£
L oind
?

+,

AR -

FIG. 41  SOURD PRESSUR
REFLECTCR FOR O

ﬂ‘t%}

DERSE.

-
™
.e
9
-
w
pord

SRNEVSNNEIFNISNIFGRIVE.T IP PP C I

ED IR A CAVITY FCRHED BY A

A Sl el B A

LERTA

..

- e

Y ST

Boroa i et a




or " %?L.wm roflester y :

AT oAb T A - AR SV AN e o

o

Y

olo

&
Ko

SPlytin ro

L R R I T R TRY,

b

o WAL M o ohen sk o pe g
o GHE-THIRD QCTAEVE B

- REFLECTOR TO STRUSTURE

FI16. 42

Gl

g0

ERACING, b
| e 0,75 {2
. ecmme 1 .03 i0,
ememes .69 i,
e & euse 4063 g;‘o
-unere ms &eﬁi'ﬁ. . ) L .
SCUHD PRESSURE LEVELS MEASURED IN A CAVITY FOANZD BY A
REFLECTOR FOR 459 ANGLE OF IECIDEHCE. ‘

i i

SATTRON 55 I B WA S0 S VETBLE A

IR A




LT

Som 9 Rm er o 0

At Y e A 8

[ L o T

ihout refienter

3
e

L e
o Bl mboy T G
i eafiontey ¥

¢
[

sPL,,

lo&-vbz
£nla,
pipie 544

FI1G. 43 S5URD PRISSURE l”%”@'ts REASYGED I8 A CARUITY FCOHE
REFLECTSR FOR ﬁ WNGLE OF JRCIBINCE.

waiaady
g2

T T

B

i i A

N R Y

i
2




A A Y

I R 1 Y

R T

F«

" The res:cr"e aﬂcele.wt on goectrua a2t the a:ﬁer of each su}

~on B850 Hz. W2 should nole, houwaver, that whon
closé o the test etrucbure the radlatlon fngedans

‘ksep i res ponse a:zs@aﬁt.
-effects gasozinted with the fcr**ﬁian cfaxp
nrate Chese sgacelsted wi Eh the shi aiéang cf

valid i the bock of the reflestor wars eot

e TR Ve, T G

OM
3
9
it
)

C

LBS Blgh foenu renaioa fc* POEX“I a.l @ 5o, axm?c~ ¢? £521¢
_ »e ﬁ3*7: o affvsts the sound pressule. zaveia 3 thoe gt
bt ﬁgz»ia«a'sgategstie'u;y. Fera 3&”1?; gnzie o Insid > .
$ho high fregusnoy resulls show that the fiuet@? ba3 no &780st
g -+ tx@ zeosursd sound p?& SUSe level.  Thi 03a1 ia gunporsed
sbrical oentic 3. gl”ai f;,g:;
Kzasurezents of the t9wt struc uPe reapente were slzo rada.

™ ST
5w GV

was peosured for each s5% of paramoter ecnditicns éeseribzd abovde.

. ‘The effcct of the pltercd socund pressure levels cen the pauel re-
-sponse magurcmsnts was negliwible, leas than 42 3. Tais rcoult

is semcwhat sur;riciﬂﬂ since the sound pr@sﬂﬂwa levels wore in-

erzased by &3 much g2 15 €3 in the cns-third cotave band contered

the refic sﬁs* is
%8 8ictm

nificantly. It 1z possible thad tkia ct:x"3°1“ i

¥e conoluds &s 8 r 3“3& s‘ tﬁa shove exzé

thae i“v?a\d% ssund waves. Howevepr, thiz ro
xi ﬁ fﬁ c&ss*p-
tive paterial wiieh would dzop ¢he rezznunt =:*°“1ﬂﬂ ¢ tho cave
ity. For this ecaze soum2 shizlding would ns douit eccur, Althougt
the sound pressurg leveles czn be Insresscsd aﬁwn-,zc nily by foyne
ing 8 ragonant eavity, this teohnigue is not ussfel for shaging

&8 wai‘ cabnily

a seer field since tha resﬂa 33 of ths s» pucturd €oes nst ine

crewe. :

9

s i ota e

- TPV ARV SRR I ETIE e X

CVRTENNGE

o Do e A5 e i N

e,




o

LAl S st e
o PR

EAE S
7.

i

B e o
.

L

vvtheoretical and experimontal s

in Pigz. 3.

teshnique for shaning a scund

~of 'a re

~a shleldlns effect possible.

.S |g\'~n
_3*4& i- E"b -ﬁb

(‘&‘
?’s‘.
g
it 4
o
D
ad

t have pre -senteﬁ a ba’ic v ,
tudy of the reflection of incident -
acoustlic waves. by a flat rectan~ul r panel. We now come to the
most important part of the report dealing with the actual use of

a reflector to shape a sound field in the test chamber.

" Sections II and III of this ibw

As dioCUJSEG 1n the Introduction, a reflectcr can be used in
three ways: .to reflect incidsnt sound waves onto the test object
as zhown in Fig. 1, to reflect 1lncident waves awxay ‘from the struc-
ture as shown in ~ig. 2, and to form & resonant ‘eavity as show
The use of a rzfiastar for the latter two purposes is
di: cuoged in See. 3.5. On2 conciusion of thst Ssedion is that
the u:e of reflectors to form a resonant cavity is not a valid ,
fiz1d since the close proximity of
the reflector inhitits.the response of the test structure. A
second econcluzion iz that use of a reflector to "shield” the test
ot Jeet from tae incldent sound waves also’ results in the formation
annant eavity. The reverberant buildup in the cavity ex-
ceeds.theAéfrect; due to zhleldingz so that the sound pressure
level: on the teist structure eitrer stay the same or inerease. A
reduction in the sound pressurg levels acting on the test struc-
ture vas not obuerved for any value of reflector to structure .

spasing.  “or large zpacing diffraction of the sound waves around
the reflector eliminated any shiclding effect. For small spacing
tihe reverberant buildup eliminated any shielding effect. A pose

sible technijue for using a reflector as a shield would be to

cover the back of the reflector with acoustically absorptive ma-
terial. Then, the reverberant buildup would be well damped and
Use of reflectors in this way repre-
sents an area of great promise. The test technique would be to

bring the reverberant field of the test chamber to the hiphest
. sound pressure level needed,
- appropriate cize over the test structure, the sound presasure” level

‘Then by placing reflectors of an

could be reduced in selected areas to achleve the correct distri- .
bution of sound pressure level. However, the effect of the re=~
flector and its abzorptive backing on the response eharacteristics
of the structure muct not be irnored, ¥e have not purasued the
use of reficctors as chilelds beyond the work presented In lJec. 3.5,

The use of a reflector to reflect sound waves onto a test
atructure In order to increase the sound pressure levela on the .
structure 13 of limited practical value. In a reverberant diffuse
field sound waves are incident from 8ll directions. Thus, a re-
flector diverts us much sound away from the structure as toward
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it and no 1n~r 2se 1n the sound pressure level on the structure
¢fiectors are of no use zn a dz"uae Jteld.

in the near field of the sound source or source\ the sound
pressure le vcls are higher than in the reverberant field and re-

sult predo: inantly trom sourd waves travelling awa. fron tae
‘source., _

Typicaliy, the sound pressure levels are highest directly in
front of the source. A typical contour of equal sound rressure
level near a directive source is shown in Fig. 4. At low fre~«
quencies the pattern becomes more nondirective, while at hich

- frequencies the opposite happens. . By placing a reflector in the

- near field of a source, the sound waves coming directly from the

sourcé can be deflected onto, the test structure to increase the
sound pressure levels. However, an inherent limltation exists

- for a flat reflector. The sound pressure level In the reflected

field cannoct be larger than the level of the incident fleld a
distance R + R from the source, where R is the distance from

“the source to the center of the reflector and R 1s the dlstance

from the receiving point to the center of the rerlector. In

-other words, a flat reflector cannot extend the near field but

only redirect the main lobe in the directivity pattern, as shown
in Fig. 4. Thus, the use of a reflector to redirect sound waves
onto the test structure in order to increuse the eound pressure
level is limited to cases in which both the reflector and the
test structure are within the maximum eztent of the mear field,

i.e., the extent of the near field directly in rront of the
source. . ,

4.1 E*tent of the Near”Field

The extent of the near field in a SOnicflest chaﬁber depends

upon whether and how nuch &necholc treatment 1s used to cover the

walls, ceiling and floor of the chamber. In a fully reverterant
condition, the near field sound pressure levels will exceed the
reverberant field pressure levels only in a very small region
near the sources. This region will be s0 small that it can be

generally stated; that reflectors will not be useful in a fully
reverberant acoustic test chamber. .

When the absorption in the chamber 13 increased by the use
of anechoic treatment, the reglon in which the near field sound
pressure levels exceed the reverberant field sound pressure
levels becomes larger. The sound pressure level measured in
front of a sound source in a reverberant chamber is glven by (17]
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where SPL is the sound pressure level in dB re’o;oooz'ubaé, P¥L
is the source power level in dB re 10~" watts, Q i1s the direc-
tivity factor, Rd is the distance from the source to the recelv-

ing point; and RT is the room constant in sq ft. The directivity

-factor, Q, is defined so that it egquals one for a nondirective
point source. The term Q/HwR; represents the contribution to the

sound pressure level from sound waves comingldirectly from the
source. The term &/RT represents the contribution from the re-

verberant sound waves. It follows that the direct sound pressure
level is larger than the reverberant sound pressure level for
distances which satisfy the condition o -

B S\
- Rgc IE;) o

(12%)

where we have taken the recelver to be directly in front of the
source. o . 7 - .

As an example, the preceding discuzsion 1s applied to the -
large acoustic test chanber of the AFFDL Sonic Fatigue Faellity.
While the directivity function of the sound sources is not known
accurately, it is estimated to rise smoothly from 2 at 250 Hz to
8 at 2000 Hz. This estimate should be checked by experimental
measurement. The room tonstant, RT' is given by

y _ v |
: ® g3 & o - (125)
fp e W, 123,

where @ 15 the average absorption coefficlent, S is the surface
area of the chamber walls, V i3 the chamber volume, and Trev the

reverberation time in seconds. The surface area of the test
chamber walls is 17,416 ft®. The volume i3 155,000 ft?. The re-
verberation time in the chanber with the anecholie curtalina down
can be approximated by a constant value 07 1/2 sec in the fre-
quency range 250 Hg to 2000 Hz. The roou constant in this fre-
quency range is calculated to be 15,500 ft?. Using these values
in Eq. 124 we find that the near fleld extends up to 20 't fronm.
the sourcea at 250 Hz and up to 40 ft from the sources at 2000 Hz.
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‘Both the refloetor and the test structure must be within these
dzatbnces from the source te cotain any pruatical benetit troa
the use or r»fl ctors. _ . e :

Tb obtain a 10-4B 1ncrease in the souﬁd pressure level on

qfhe tgst structure the limitations on the locations of the re-~

flector and the test structure are more linited. PFirst, the sum
of the distances from the source to the reflector and from the
reflector to the test ob:ect must satisry_the condition =

For tne AF”BL Sonic ”atiguo Facllity with the curtains doun thia
condition will be met 1f the sum of the distances is less than
6-1/72 ft at 250 Kz to 13 ft at 2000 Hz with a smocoth transition
for intermsdiate frequencies. A second condition 1s that the
sound pressure level on the test structure before the reflector
1s put in place is at least 10 dB less than the sound pressure
level a distance R + R from the source. These two conditions

cannot be mot simultgneously unless the source dlreetivity is
high. We conclude that the potential use of reflectors in the
AFFDL Sonie Fatigue Facility is very limited. However, the use of
reflectors in a rore anecholic space may be worth considering

since the near field in such a spaee will extend much fnrther
from the sources. L v T

4,2 Pefforaance cf c Flct aectanan!ar Raf!ector

To etrectlvely use a reflector to direct sound uavea touard

‘a structure we need a practiczlly useful estizate of the maximum

sound preasure level in the reflected ficld erd the area over
which the sound pressure level in the reflected field 1s larpe.
Estimates of these quantities can be cobiained from the theoreti-
cal work presented in Sec. Il of t%is rupo“t. 4

4.2.1 Far fieid

The maximun sound presaurc leval in tho rerlected tar tieldi
ocours at locationa of specular reflectlon. 0 . 0 and L

+ 180°, where the angles 8 and ¢ are angles ln a apherieal ©0-
ordinate system with its origin at the center of the reflector.
The reflected sound presaure level nt spocular cnsles ot rerlec-
tion ts given by . o :

97

PSR

AR ‘ B

A 7 A e AGSI B S £ il Ly e el AL
AL it i e MRS R SN0 R RO A ER A5 KRN

s

<5

@,

R i
Iyt

AR

LA

o i

b5
TN
s
‘G
%

!‘&‘.;i{";.;,”,bi('; Fiik




S?L - S?Li + 20 10333

'iatjaéééazzr ﬁefzégzzga'in tﬁe for f*eld - @z

':fwhére SPL,, 1s the S?L of the ref 1 ted rieéd &t lccatio;s of sp
“ular reflnction 8 dizta. R from the refile zetor, S?Li is.the SPL1

of the incident sound waves at ‘the location of the raflector be-
fore it 1s put in place, £ is the frequency of the incident wave
(band-center fraoquasncy for incicdent noise), A is the area of the
- reflector, 8 48 the anzle of incidence and ¢, 1s the speed of .
- sound. The requirement for the far fileld 1is that .o 3

go— €< 1 ‘ (128)

K.Cq :

- so that ;
" SPL,, << S?Li'in the far fleld . - (1 9) !

Botinerias

The area in the fer field cver which the reflected SFL is larse |
cansbe cgtginsd fron the ex:rezsiona rorireflected powes pr:scnt d

. We know that most of thﬂ r&flec ed va&P is reflected in di- |
rections at or r the Jiveotion of speoculsy reflecetion. This - o
' ‘observation i3 y& faularly true for the totsl reflizoted pousy 5
_predicted by the E8R5 & *.“ia:t formuliation. We wiill 2pprozimate
the intensiiy in the reflccted field to be egual to the maninuam ;
intensity ovaor &n area ccn”cr:d cn & pelint currssx nding to fpsce
ular reflection and za2ro othurwise. The sisze of tr@ area 1= i
seleocted o that the fotal rellecied pousr a;;‘ 3 with the total
reflecznd power. gﬁvﬁn by tha uﬁa a;*ﬂ Rimate fu,uglatica.

4.2.2 kear ficld . T S
v In many e300 the erss ciive»éée of a reflector will reguize
.that tho tost cbieet be plazaed in the reflected nazr fleld, Yhe

und grasau;; levale in the pegr £i0ld are much hizher thar 1n
tﬁe far fioi4d and are carxpaprable to the &PL of tho inzident sound
waves. Unforbunately, 4t iz izpossidle to prezanl completely i
general resuits for the near field. We have selected two rarticu= |
lar cases of practical inportance: firat, the caze of &n incie

dent plane wave with an angle of incidence of §$°~ gagond, the
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, ¢istance 2L along a line &5° from
I iz the length of one side

- casge of a paint scurce locate:
-8 YAine navzzl te the refllcoien
- of & squars veflector. The refl -°?ﬁ S¥L's for these two
S cases have kiza obizined by oo gvaiuntion of the SES gpprox-
-+ imade forouiation. The rﬁ'ulﬁu ef thuse calcrzatiena &re presented

§~1nﬁFigs. 54 thr ouch &8 o . . ST

, '“-* ?fﬂarﬁ* 83 the ouﬂh E %3 cwu bﬂ v**d ,gfactical“design charts.
.- Bach’ rigave preaents results for a diffe ?aﬂt-valug_of kl./2, where
.k 1s the acous 1c wavenunber, k = 2uf/c,. : The correspondence be- -
tween the parameter kL/2 and the f“cquﬂncy r tor a G-ft-square
reflector is RIRRTRR

: ‘A’ﬂ-l? E L f

B 1.375 it LS
B ssa
o 1000 -
22 - 2000 -

’-To dater ine the refleﬂticn of a band of ran&ﬂa noi&e the band-
- center freguzney should be uzsd to ealculate the vaiuz of kL/2.
.. In each of the Pigs. 44 throush &8, the SPL's along five lincs
~parallel to a line from the cor te cr the reflector to the source
- are shown. Tho distance of cash of the five lines frea the line
“ecnnecting the source and rﬂfiacﬁor caiter point is given by the
yococ?dinage. ‘Yalues of y = .55, 1.0%L, 1.5L, 2.0L, and 2.5L
have been selacted for the proseniation. The SPL's at Internodi-
- ete valusz of y ean be foun 4 iuvcr”alwticn. Distance alcng
" . egch of the five linzs 45 matsursd b; the coordinate x. The
v SPL's for each of the selecisd valuss of y ere plotted as a con-
~_tinucus function of x. For each valu? ¢f y and X tha SPL rela-
- tive to the SPL of the $nctaont floid 4 givan by tha éistance
- from the poinu preseribed .g &2 veiuss of % and y gnd the heavy
- 8013d or dashed curva, ? 5 ﬂl@, the 2PL et y = 1.5L, x = =,
- 4in Fig. k4 4s =12 ¢B. t 0.§L ana z - :, ts -5 ca.

S e A e stant Qﬂ%ﬁ??% ion on th@ 25 ’-ta g*es at%ﬁ in F&as.
- Ry throuzh 48 45 that ths reflessed 8FL from ¢n Ancldent plene
_‘wave is gpprozimately egzual to the roflectsd EPL for & point
L souree 8 disztance 2L frea the reflecior. Thuz, 23 & prastiecal

~ o matter distaznces from the gource to the refiector gzeater than 2L
do not rule out the use of thece fisures a3 dosign charts. A
second peint which should be ponticnsd 1s that the S”L'a plotted
sre cnly due to the rarleeted sound tiela.‘ Tae total sound
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ziv 1

prozsuvre et & aoint ﬁill\be the stm of the incident ond reflected

gound proscures. &Again, 83 a practicnl matter nzgiect of the in-

‘eident £ield BPL €oez not lizlt the use of theze figures, since

%2 &2 only intorested in the SPL's atl locations whcre the incl-
dent scund pressures ere quite low. o .

. To ccmplete our dlacussion we will 1llusirate the use of
Figs. 48 throuzh 48 as design charta. Assume that the SPL &t
a particular point on a test structure in the octave band centered
on 1000 Ez 13 135 d3. ¥We wizh to incrzaze the SFL &t this point
to 145 dB. Pirst, we pust determine whether or not the point in
question 18 in the direct or reverberant field of the test chanme
ber. Only Aif the point 1s in the direct fleld will a8 reflector
be of practieal use. Assuming for the value of this exzzple that
the point is in the near field, we pust naxt éafine the regicn in
vhich the froa-field SPL execcda thy doszircd lovsl of 153 3.
Since a flgt reflestor cannot &rplify thoe 8L, &% must Lo pissed
within this rcgion in ordsr that the roflested field egual 145 ¢3
on the test object.  For this exzopio 1ot us gssuze that the SPL
at a point 8 £t from the test cobjoct 4s 145 ¢5. By placing a
§-ft-zquare reflector at thls point and osicnting 4¢ oo &3 to
shine sound onto the test objeoct wo can iserzzse the SPL. The
exact amount of the incrsase dopends on the &nzle of incideonce
of the sound waves endnating from the sgoures on the refliccter,
the distance between the soures gnd the reflector gnd the orien-
tation of test object relative to the reflecter. For design
purposes we c&n use an epprozirate estisate of the SPL increase.

This approzinate estimate can be found from Fig. 47 even thouzh
"~ the angle of incidonce is not 852 and the disiznce from source to -

reflecior 418 rot egual to the two valuss for wihiieh rosults are
prescnted. . At a Gistance 8 ft from & L-ft reflector (3 » 2L,

X » 0) for kL/2 » 11, the SPL 13 1 (€3 bolow the level of ths
incident fleid. Thus, &t the particulsr poaint on the test chject
which we erc considoring, the 8FL dus to the roflicetad fieldd will
equsl- 144 ¢3 - a value gufficiently cluse to tiic dosircd chjective.

The par&mﬁtéra,seleoted for tho ehove eaamglezware suzh that
& reflecetor could be uscd to asconplish the Cuziprsd ehjastive.
The rea&sr,snould_ba warned that this may not slways bLe the case.
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